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Guest editors’ introduction
The Interdisciplinary Journal of  
Problem-based Learning
Tinkering is an iterative problem-solving process (Bevan, 
Gutwill, Petrich, & Wilkinson, 2015; Martinez & Stager, 
2013; Resnick & Rosenbaum, 2013). It is interest driven, usu-
ally informal, and often playful. At the heart of tinkering is 
the will and skill to be able to design successful systems, and 
solve problems. Tinkering is central to making, and can be 
facilitated through technology-rich (e.g., 3D printers, robot-
ics kits, coding software, etc.) and non-technological tools 
(e.g., plastic cups, rubber bands, papers, etc.) by allowing 
learners to be the designers and makers of objects, projects, 
or ideas (Resnick, 2017).
Following the footsteps of Papert’s constructionism 
(1980), makerspaces, STEM or STEAM labs, or studios are 
increasingly finding a place in formal school settings (Becker 
et al., 2017). While there is a lack of visibility of these efforts 
to guide, unify, and possibly help replicate future practice 
and research, various design-based models and pedagogical 
approaches to learning may provide options. As a learner-
centered instructional approach, problem-based learning 
(PBL) can serve as a framework to support learners’ prob-
lem-solving efforts in makers’ context. Learners could be 
guided to tackle the problem through iterative problem defi-
nition, exploration, design, sharing, and elaboration (Savery, 
2006; Schmidt, Rotgans, & Yew, 2011).
The six papers that were accepted for publication in this 
special issue present ways and approaches to address poten-
tial issues while implementing PBL approaches to tinkering 
and making activities in various contexts. One suggested 
theme across multiple papers is that engaging in such pro-
cesses is not always straightforward. The authors highlight 
opportunities and challenges for both inservice and pre-
service teachers, and they share their experiences related to 
inquiry, problem-solving, and design in tinkering contexts. 
Below, we provide a brief description of each piece. We 
hope that they not only provide examples but also encourage 
the PBL and makers community to explore new tinkering 
and making activities in PBL contexts to further enhance our 
understanding of them.
Approaches to Tinkering in  
Technology-Rich Design Contexts
Jill Marshall and Jason Harron present their framework and a 
rubric for introducing and evaluating maker activities in pre-
service teacher education. Through a literature review and a 
survey of educators and others in the field who are engaged 
in integrating making in education, they identify five ele-
ments of making in STEM education: ownership/empower-
ment, maker habits, production of an artifact, collaboration, 
and STEM tools. In their article, they provide examples of 
these elements from their work with preservice teachers and 
give the readers opinions regarding how to implement maker 
activities in teacher education. 
Monica Chan and Paulo Blikstein present results from a 
case study conducted to understand the outcomes from mid-
dle school students’ participation in engineering activities 
in a makerspace (i.e., FabLab). Through their observations 
and interviews with students, they identify that makerspaces 
allow for problem-based learning and inquiry-based activi-
ties, and lead to student collaboration and negotiation. They 
also detail how, in some cases, student preferences can shape 
instructional approaches. Students may not be willing to 
work in teams but prefer working individually, but this does 
not prevent them from engaging in problem-based learning 
and inquiry.
Shaunna Smith explores how children in a summer camp 
use visualization skills to negotiate and inform their expe-
riences with both non-digital and digital techniques during 
making activities that incorporate design-based learning. 
The results from a qualitative content analysis of the data 
show the ways in which scaffolded activities support chil-
dren’s spatial skills, and how facilitators’ interactions with 
them aide the hands-on design experience.
In their design experiment, Priyanka Parekh and Elisabeth 
Gee examine the tinkering and making (meaning) process in 
an informal educational context by focusing on how artifacts 
and ideas transition from beginning to end. They specifically 
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focus on the use of non-technological and low budget tools 
such as rubber bands and broken toys in promoting tinker-
ing and problem-solving. Through engagement in iterative 
design and problem-solving in playful, informal learning 
contexts, Parekh and Gee argue that children discover, learn, 
and find a use for important STEM knowledge, which may 
serve for future interest and learning in these domains.
Keri Valentine explores the use of Logo with undergradu-
ate preservice students in a mathematics education course 
to promote coding and computational thinking skills. In 
her study, she provides a detailed account of how to support 
elementary preservice teachers’ computational thinking by 
engaging them in Logo activities targeting K–5 geometry 
concepts. Valentine argues that providing first-hand experi-
ences as makers of authentic artifacts (i.e., geometric shapes 
drawn in Logo) supports the development of future teachers’ 
knowledge of geometry, as well as computational thinking 
and coding skills.  
Darran Cairns, Reagan Curtis, Konstantinos Sierros, and 
Johnna Bolyard describe and discuss how middle school math 
and science teachers integrated 3D printing into their lesson 
plans. The authors discuss the process of tinkering and prob-
lem-solving involved in the digital design process of 3D objects 
coupled with processes involved in working with the printed 
artifacts. Interested readers can find samples of the professional 
development activities in this practice-focused manuscript.
Conclusion
In this special issue, our contributors highlighted the impor-
tance of tinkering in various design contexts, using a wide 
range of tools, with different populations, and listed vari-
ous components necessary for its successful implementa-
tion. Tinkering and problem-solving do not require funding 
or technology, as noted in the various papers in our special 
issue, as long as the teachers are willing to create experiences 
for their students that give students the freedom to explore, 
design, and sometimes fail.
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